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Abstract—The retail industry is undergoing a paradigm 

shift driven by advancements in technology and evolving 

consumer expectations. In this context, the Internet of 

Things (IoT) has emerged as a transformative force, 

offering innovative solutions to revolutionize traditional 

retail operations and enhance the shopping experience 

for consumers. This project presents the design, 

development, and implementation of an IoT-based 

Smart Shopping Trolley—a cutting-edge solution that 

leverages RFID technology, integrated communication 

modules, and microcontroller-based control mechanisms 

to redefine the retail experience. The IoT-based Smart 

Shopping Trolley is designed to address the inefficiencies 

and limitations of traditional retail operations, offering 

retailers and consumers alike a seamless, intuitive, and 

personalized shopping experience. By integrating RFID 

technology, the Smart Shopping Trolley enables real-

time inventory tracking, automated checkout processes, 

and personalized promotions, leading to improved 

operational efficiency, enhanced customer satisfaction, 

and data-driven decision-making for retailers. 

 

Index Terms—Shopping Trolley, IoT, RFID technology, 

etc. 

I. INTRODUCTION  

 

The IoT (Internet of Things) Based Smart Shopping 

Trolley represents a significant advancement in the 

realm of retail technology, aimed at enhancing the 

shopping experience for consumers and optimizing 

operational efficiency for retailers. In today's digital 

age, where convenience and seamless integration of 

technology are paramount, our project stands at the 

forefront of innovation. This comprehensive report 

delves into the development, implementation, and 

functionality of our IoT-based smart shopping trolley 

system. By amalgamating state-of-the-art hardware 

components and sophisticated software algorithms, we 

have created a solution that transcends the limitations 

of traditional shopping carts, offering an array of 

features designed to revolutionize the shopping 

landscape.  

The traditional shopping experience has undergone 

a remarkable transformation in recent years, driven by 

technological innovations and shifting consumer 

preferences. As shoppers increasingly demand 

convenience, personalization, and efficiency, retailers 

are under pressure to adapt and evolve their offerings 

accordingly. The IoT Based Smart Shopping Trolley 

addresses these evolving needs by harnessing the 

power of IoT technology to create a more immersive 

and efficient shopping experience.  

At the heart of our project lies the seamless 

integration of cutting-edge hardware components and 

sophisticated software algorithms. By leveraging 

state-of-the-art technologies such as RFID (Radio-

Frequency Identification), WiFi, and GSM (Global 

System for Mobile Communications), we have 

developed a solution that seamlessly integrates into 

existing retail environments while offering a host of 

advanced functionalities.  

From the moment a shopper enters the store to the 

final checkout, our smart shopping trolley enhances 

every step of the journey. With intuitive RFID 

scanning capabilities, users can effortlessly add items 

to their cart, view real-time product information, and 

manage their shopping lists with ease. Additionally, 

features such as item deletion and bill generation 

further streamline the shopping process, saving time 

and reducing friction for consumers.  

Beyond enhancing the consumer experience, our 

IoT-based solution also offers significant benefits for 

retailers. By automating inventory management, 

tracking shopping patterns, and providing valuable 

insights into consumer behavior, retailers can optimize 

their operations, reduce costs, and drive revenue 

growth.  

In conclusion, the IoT Based Smart Shopping 

Trolley represents more than just a technological 

advancement; it signifies a paradigm shift in the way 

we approach retail. By leveraging the power of IoT 
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technology, our system empowers both consumers and 

retailers, enhancing the shopping experience, 

optimizing operational efficiency, and paving the way 

for a more connected and intelligent retail ecosystem. 

 

II. LITERATURE REVIEW 

In [1], the authors have developed a smart 

shopping cart fitted with facial recognition and 

information retrieval features. They have also used an 

automated billing system to avoid queues during 

checkouts to provide a comfortable shopping 

experience with the integration of the Internet of 

Things into the cart for a smart system that assists the 

customers.  

In [2], the authors succeeded in implementing a 

low budget, smart and fully functional system to make 

the experience of shopping convenient and 

comfortable for customers. They made use of RFID 

technology because of its efficient tracking 

capabilities and security features. The system 

deployed features like setting a budget, product 

addition, and removal, recommendation, as well as 

addition and deduction of the cost of the product 

depending upon its presence in the cart.  

The authors of [3] devised a smart shopping trolley 

by installing RFID readers on the trolley which were 

connected to a centralized server using a mode of 

wireless communication known as ZigBee. It 

facilitated automatic bill generation on scanning the 

products, which was transmitted to a central 

department for billing. The drawback of this system 

was that it only allowed payments over the counter 

which compromised on user experience.  

In [4], the authors created a concept model which 

made use of RFID tags fitted on the products as well 

as ZigBee to transmit bills to a central server. The 

drawback here is again, the lack of alternative options 

for payment of bills as opposed to the traditional 

counter payments. The worker is supposed to collect 

the bill once the customer is identified, which leads to 

the customer waiting in queues.  

In [5], the authors conceptualized an advanced 

shopping trolley, wherein each trolley had an RFID 

reader and RFID tags were present for each product. 

Once the product is scanned, the information is 

displayed on the LCD screen to show all product 

related information to the consumer. The aim was to 

help customers evade long queues but it also posed the 

disadvantage of possible thefts as well as collisions.  

The authors of [6] accomplished in creating a 

centralized system for automatic billing. Every trolley 

was fitted with a Product Identification Device(PID) 

containing an RFID reader, LCD, EEPROM, a 

microcontroller and ZigBee Module for wireless 

transmission. The biggest advantage of this system 

was that it enabled the customer to go cashless, thus, 

successfully implementing a method to avoid queues. 

 

Summary of Literature Review: 

The literature review encompasses various studies 

focused on the development and implementation of 

smart shopping cart systems aimed at enhancing the 

shopping experience for customers. Each study 

explores different technological approaches and 

features to achieve convenience, efficiency, and 

comfort during the shopping process.  

In the first study, authors integrated facial 

recognition and information retrieval features into a 

smart shopping cart, along with an automated billing 

system to minimize checkout queues. This approach 

leverages the Internet of Things (IoT) to create a smart 

system that assists customers throughout their 

shopping journey.  

The second study emphasizes a low-budget yet 

fully functional system utilizing RFID technology for 

efficient tracking and security. Features such as budget 

setting, product addition and removal, 

recommendations, and automated cost adjustment 

contribute to a convenient shopping experience.  

In the third and fourth studies, authors 

implemented RFID readers on shopping trolleys 

connected to a centralized server using ZigBee 

wireless communication. Although these systems 

facilitated automatic bill generation, they were limited 

to counter payments, resulting in compromised user 

experience and queueing issues.  

The fifth study introduces an advanced shopping 

trolley concept with RFID tags on products, displaying 

product information on an LCD screen upon scanning. 

While aimed at reducing queues, concerns about theft 

and collisions arose due to the increased complexity of 

the system.  

Lastly, the sixth study focuses on a centralized 

system for automatic billing, utilizing Product 

Identification Devices (PIDs) equipped with RFID 

readers, LCD screens, microcontrollers, and ZigBee 
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modules. This system enables cashless transactions, 

effectively eliminating queues and streamlining the 

checkout process.  

Overall, the literature review highlights a spectrum 

of approaches towards developing smart shopping cart 

systems, each with its unique set of features, 

advantages, and limitations. The studies collectively 

underscore the importance of leveraging IoT and 

RFID technologies to optimize the shopping 

experience while addressing challenges such as queue 

management and payment methods 

 

III. SYSTEM DESIGN 

 

Figure 1: Block Diagram 

The block diagram of the IoT Based Smart 

Shopping Trolley encapsulates a sophisticated system 

designed to revolutionize the traditional shopping 

experience. At its core lies the ATmega328 

microcontroller, serving as the brain of the operation. 

This microcontroller orchestrates the interactions 

between various hardware and software components, 

ensuring seamless functionality throughout the 

shopping journey.  

One of the primary components integrated into the 

system is the RFID reader (MFRC522), which enables 

effortless scanning and identification of products. 

Connected to the ATmega328, the RFID reader 

facilitates real-time detection of RFID tags attached to 

items, allowing users to swiftly add products to their 

shopping cart with a simple scan. This RFID scanning 

capability forms the foundation of the smart shopping 

trolley's intuitive and efficient operation.  

To provide users with visual feedback and 

essential information, the system incorporates a 16×2 

LCD display. Interfaced with the ATmega328, the 

LCD screen dynamically displays scanned item 

details, shopping lists, and transaction summaries. 

This visual interface enhances the user experience by 

offering clear and concise information, empowering 

shoppers to make informed decisions and manage their 

purchases effectively.  

In addition to RFID scanning and visual feedback, 

the smart shopping trolley system includes user 

interaction components in the form of switches and a 

buzzer. These switches, connected to the ATmega328, 

enable users to perform actions such as item deletion 

and bill generation, enhancing user control and 

convenience. The buzzer provides audible feedback 

signals to indicate successful scans, user interactions, 

and system status changes, further enhancing the 

usability of the system.  

Moreover, the integration of advanced 

communication modules such as the ESP8266 Wi-Fi 

module and GSM Module SIM800L elevates the 

capabilities of the smart shopping trolley system. The 

ESP8266 Wi-Fi module enables wireless 

communication with external networks, facilitating 

data transmission and remote monitoring capabilities. 

Meanwhile, the GSM Module SIM800L enables 

communication with mobile networks, allowing for 

the sending of SMS notifications and alerts to users' 

mobile phones. These communication modules extend 

the reach and functionality of the smart shopping 

trolley system, enabling seamless integration into 

existing retail environments and enhancing 

communication with users.  

Overall, the block diagram depicts a 

comprehensive and interconnected system designed to 

optimize the shopping experience for consumers and 

retailers alike. By amalgamating cutting edge 

hardware components and sophisticated software 

algorithms, the IoT Based Smart Shopping Trolley 

project aims to transcend the limitations of traditional 

shopping carts, offering a seamless and intuitive 

solution that revolutionizes the retail landscape. 

 

IV. ALGORITHM/FLOWCHART 

1. Initialization: Initialize all hardware components, 

including the microcontroller, RFID reader, LCD 

display, switches, buzzer, WiFi module, and GSM 

module. Set up communication interfaces and 
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configure parameters such as baud rates and 

communication protocols.  

2. Main Loop: Enter the main loop of the program, 

where the system continuously monitors for user 

inputs and RFID tag detections. Perform iterative tasks 

to scan RFID tags, update the display, handle user 

interactions, and execute system functionalities.  

3. RFID Scanning: Continuously monitor the RFID 

reader for the presence of RFID tags within the 

scanning range. Upon detecting an RFID tag, retrieve 

the unique identifier (UID) of the tag and compare it 

against predefined tag IDs to identify the scanned 

product.  

4. Display Update: Update the LCD display to show 

relevant information such as scanned item details, 

shopping list, and transaction summaries. Provide 

visual feedback to the user to confirm successful 

scans, prompt user actions, and display system status 

messages.  

5. User Interaction: Monitor the switches for user 

inputs and respond accordingly to user actions. 

Implement functionalities such as item deletion, bill 

generation, and other user-initiated actions based on 

switch inputs.  

6. Wireless Communication: Utilize the WiFi module 

to establish wireless communication with external 

networks for data transmission and remote monitoring. 

Send data packets containing transaction information, 

system status updates, and user notifications to 

designated endpoints or online services.  

7. SMS Notifications: Utilize the GSM module to send 

SMS notifications and alerts to users' mobile phones. 

Send automated messages to users to confirm 

successful transactions, provide shopping updates, and 

alert users of any system issues or abnormalities.  

8. Error Handling: Implement error handling 

mechanisms to detect and respond to system errors, 

hardware malfunctions, or communication failures. 

Display error messages on the LCD screen, emit 

audible alerts with the buzzer, and take corrective 

actions to ensure system stability and reliability.  

9. Loop Continuation: Repeat the main loop 

continuously to maintain system functionality and 

responsiveness. Handle subsequent RFID scans, user 

interactions, and communication tasks to provide a 

seamless and intuitive shopping experience. 

 

Figure 2: Flowchart 

 

V. TEST AND RESULTS 

Tests:  

• RFID Tag Detection:  

o Test: Place a known RFID tag near the RFID 

reader.  

o Expected Result: The LCD display should show 

the UID of the detected tag, and an SMS should 

be sent indicating the detection of the tag.  

• Switch State Detection:  

o Test: Press both switches simultaneously.  

o Expected Result: The buzzer should emit a brief 

sound to indicate successful detection of switch 

states.  

• LCD Display:  

o Test: Power on the system and verify the LCD 

display.  

o Expected Result: The LCD should initialize and 

display a welcome message or system status.  

• SMS Notification:  

o Test: Trigger an event that sends an SMS 

notification, such as RFID tag detection.  

o Expected Result: An SMS should be sent to the 

predefined phone number, indicating the event 

(e.g., RFID tag detection) with relevant 

information.  
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Results  

• RFID Tag Detection:  

Result: The system successfully detects RFID tags and 

displays their UIDs on the LCD screen. SMS 

notifications are sent as expected.  

• Switch State Detection:  

Result: The system accurately detects the states of 

both switches and activates the buzzer accordingly.  

• LCD Display:  

Result: The LCD display initializes correctly and 

displays relevant information, providing feedback to 

the user.  

• SMS Notification:  

Result: SMS notifications are sent promptly upon 

triggering events such as RFID tag detection, 

providing real-time updates to the user or system 

administrator. 

VI. CONCLUSION 

 

The IoT Based Smart Shopping Trolley project 

represents a significant milestone in the convergence 

of technology and retail, aimed at enhancing the 

shopping experience for consumers and optimizing 

operational efficiency for retailers. Through 

meticulous planning, implementation, and testing, we 

have developed a sophisticated system that leverages 

IoT technology to revolutionize the traditional 

shopping cart. This project addresses the evolving 

needs of modern consumers who demand 

convenience, personalization, and efficiency in their 

shopping journeys.  

By integrating state-of-the-art hardware components 

such as the ATmega328 microcontroller, MFRC522 

RFID reader, LCD display, switches, buzzer, 

ESP8266 WiFi module, and GSM module, we have 

created a comprehensive solution that streamlines the 

shopping process and provides valuable insights for 

retailers. The system's functionality encompasses a 

range of features designed to enhance every aspect of 

the shopping experience. From seamless RFID tag 

detection and real-time product information display to 

intuitive switch controls for item management and bill 

generation, our smart shopping trolley offers 

unparalleled convenience and ease of use for shoppers. 
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